The mass footprints associated with atmospheric blocks over the North Pacific are 25 evaluated by constructing daily tendencies of total mass over the blocking domain from 3-26 dimensional mass fluxes throughout the lifecycle of a composite blocking event. The results 27 highlight the major role of mass convergence driven by low-frequency (with periods > one 28 week) atmospheric motions (disturbances) during both the development and decay stage of a 29 block. Specifically, low-frequency motions are responsible for the accelerated mass build-up 30 3 days prior to the peak intensity of a block and they also account for the rapid mass loss 31 afterwards. High-frequency motions related to sub-weekly-scale disturbances have 32 statistically significant contributions to the mass loss during the decay stage, and also show 33 positive yet very weak contributions to the development of the blocking high at the very early 34 stage of the event. Majority of the mass convergence/divergence responsible for the 35 intensification/decay of the blocking high occurs in the mid-upper troposphere and is largely 36 attributed to mass flux driven by meridional winds. Also discussed are the implications of this 37 new mass perspective of atmospheric blocks for understanding dynamics of blocking highs 38 and for model bias detection and attribution. 39 40 41 3
energy of atmospheric transients. A blocking event is considered occurring if the blocking 92 index is positive. To identify prominent, long-lasting blocking events, we adopt the criteria 93 that the instantaneous blocking (positive block index values) should occur over at least 10° of 94 longitude and last at least 4 consecutive days. Focusing on a region extending from the 95 eastern North Pacific to the west coast of North America, we are able to detect a total of 30 96 major blocking events for the study period and these events are used in the subsequent 97 composite analysis. 98 The calculation of mass flux is done for a cuboid bounded by two adjacent isentropic 99 levels in the vertical and with 60° (longitude) and 20° (latitude) in length in the horizontal. 100 The center of the cuboid is placed at the location of the maximum surface pressure that is 101 identified for each selected blocking event when it attains its peak intensity (defined as "day 102 0" in the analysis). In an isentropic layer bounded two adjacent isentropic levels, atmospheric 103 mass per unit area (unit: kg•m −2 ) is computed following
105
where g is gravity constant (9.81 ms −2 ) and p  is the pressure difference between the two 106 levels. The net convergence of mass into the region of a blocking high is the sum of 3 107 components: the convergence in the zonal, meridional, and vertical direction. Zonal mass 108 convergence can be estimated as the difference of the total zonal mass fluxes ( mfx ) between 109 the western and eastern boundary of the analysis region following
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where wb and eb stand for "western boundary" and "eastern boundary", respectively; a 112 is the mean radius of the earth (6370 m);   is the latitude interval (1.5°); u is zonal wind.
113
In a similar manner, meridional mass convergence is computed as the difference of the total meridional mass fluxes ( mfy ) between the southern and northern boundary of the 115 analysis region following
117 where sb and nb standard for "southern boundary" and "northern boundary", 118 respectively;   is the longitude interval (1.5°); v is meridional wind.
119
Vertical mass convergence into the cuboid is calculated as the difference between the 120 mass flux ( mfz ) at the upper and lower isentropic level bounding the cuboid following 
Results
137 Figure 1a shows the composite mean 300hPa geopotential height (contours) and the 138 corresponding anomaly field (shading) for the identified 30 North Pacific blocking events at Alpert 1994). Furthermore, the airmass above 280K in the study region in the lifecycle of the 152 blocking events on average accounts for 97% of the total mass in a column, and this allows 153 our calculations to capture majority of the processes responsible for the mass accumulation 154 and dissipation during the lifecycle of the blocking events. Figure 1b shows that the mass in 155 the blocking domain steadily increases starting from day −8 and the increase accelerates on 156 day −3. The mass reaches its peak value around day +1, slightly later compared to the time mass build-up 3 days prior to the peak intensity of a block and they also account for the rapid 
